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Abstract
SPAD chlorophyll meter reading (SCMR) and specific leaf
area (SLA) are important traits associated with water-use-
efficiency (WUE). Understanding their genetic nature and
association with yield parameters enables their deployment
in breeding programs for drought tolerance. The results
obtained from the study conducted on six generations of
four groundnut crosses showed significant additive effects
for SCMR and SLA in all the crosses indicating possible
gains through selection. Relative contribution of additive
effects was high for both, SCMR (58 to 93%) and SLA (63 to
91%). The low heritability of SCMR and SLA indicates
environmental influence on these traits. SCMR is positively
associated with pod, kernel and haulm yield, while the
association of SLA with them was negative. Combining
trait-based approach using SCMR and SLA with empirical
approach can be rewarding in groundnut breeding for
drought tolerance.
Key words: WUE, SCMR, SLA, drought, additive effects,
inheritance
Drought is a major abiotic constraint affecting
groundnut production, with an annual estimated loss
in production equivalent to US$ 520 million and almost
half of it can be recovered through genetic
enhancement (Johansen and Nigam 1994). Breeding
groundnut genotypes with enhanced water use
efficiency (WUE) is an important strategy to overcome
the challenges in water-limited conditions (Nautial et
al. 2002; Nigam et al. 2005; Condon et al. 2004). Three
key processes namely,  moving more of the available
soil water through the crop, improving crop transpiration
efficiency and partitioning more of the achieved
biomass into the harvested economic product (Rao et
al. 2001) can be exploited in breeding for high WUE.
Maintaining high chlorophyll density under water stress
conditions is associated with high WUE in groundnut
(Wright et al. 1994; Songsri et al. 2009). SPAD
chlorophyll meter measures green colour intensity and
is associated with chlorophyll density in groundnuts
(Songsri et al. 2009; Lal et al. 2005). SLA is a measure
of leaf thickness and low SLA groundnut genotypes
produce higher dry matter under drought stress (Nautial
et al. 2002). SLA is inversely associated with WUE
(Samdur et al. 2002; Upadhyaya et al. 2011) and the
association is stable (Suriharn 2011; Vasanthi et al.
2005) under severe drought. However, the said
associations are not in complete agreement with some
other findings (Nageswara et al. 2001; Cavalli 1952).
SCMR and SLA are robust and low-cost surrogates of
WUE, therefore understanding their genetic nature and
association with yield parameters enables use of
SCMR and SLA in breeding programs. The available
inheritance studies of SCMR and SLA in groundnut
show additive (Suriharn et al. 2011; Hayman 1958)
and dominance gene effects with duplicate dominance
epistasis (Warner 1952) for SLA, and additive (Warner
1952; Gromping 2007) and dominance effects (Warner
1952) for SCMR. SCMR is reported to be influenced
by modifiers (Vasanthi et al. 2005).
The nature of inheritance of SCMR, SLA and
yield parameters and their associations in four
groundnut crosses namely, ICGV 87141 x ICGV 93291,
JL 24 x ICGV 86031, ICGV 99029 x ICGV 91284 and
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ICGV 07356 x ICGV 99029 were analysed.  The six
generations (parents, F1, BC1, BC2 and F2) of each
cross were evaluated in a split-plot design with two
replications during the 2010-11 postrainy season on a
precision Alfisols field at ICRISAT, Patancheru, India.
Crosses were assigned to main plots and generations
to subplots. The parents and generations were sown
on 60-cm apart ridges with 10 cm distance between
plants in a row. Recommended package of practices
were adopted to raise a healthy crop.
Observations were recorded on 20 to 25
randomly selected plants of parents (P1 and P2) and
F1 in each replication, all 875 F2 and 860 BC1 and BC2
generation plants in all the four crosses. SCMR [using
Minolta SPAD–502 meter (Minolta Camera Co. Ltd,
Japan)) and SLA (LI-COR Area Meter - model 3000
(LI-COR Inc., Lincoln, NE, USA)] were recorded at 80
and 100 days after sowing (DAS) following the standard
procedure (Nageswara 2001) along with yield
parameters. Statistical analysis was performed using
SAS 9.2. Six generations, the P1, P2, F1, F2, BC1F1
and BC2F1 were used to fit the simple additive-
dominance model in the generation means approach.
Joint scaling test (Cavalli 1952) was conducted. Six
parameter model (Hayman 1958) was used to estimates
the mean (m), additive (d) and dominance (h) effects,
and those caused by their interactions, i,  j and l. Broad
sense heritability and narrow sense heritability were
also estimated (Warner 1952). Relative importance of
the gene effects was studied following modified method
that is used extensively (Mather and Jinks 1982).
The t-test revealed significant differences
between the parents of a cross for SCMR and SLA
(p<0.001) recorded at 80 as well as 110 DAS in all
four and two crosses respectively. Parents were also
significantly different for pod and kernel yield. The
parents, ICGV 87141, ICGV 86031 and ICGV 99029
with high SCMR values and lower SLA values are
water-use-efficient genotypes as SCMR is positively
(Sheshshayee et al. 2006; Arunyanark et al. 2008)
and SLA is negatively associated (Sheshshayee et
al. 2006) with WUE. The difference between mean
SCMR values between two parents of a cross range
between 4 and 12 SPAD units, while mean SLA
differences were between 22 and 56 cm2 g–1. The F1
means were in between the parental means for SCMR
and SLA indicating absence of dominance, while F2
means transgressed the parental means. However
segregants were not in desirable direction. In an earlier
study, similar observation were made in F1 and F2
(Vasanthi et al. 2005). The segregants had low SCMR
and high SLA, while the opposite would have resulted
in segregants with enhanced WUE compared to
parents.  Heterosis was observed for pod, kernel and
haulm yield.
The mean for all the traits in four crosses was
significant indicating that all sources of variation were
not explained by the present model (Table 1). Additive
effects were significant for SCMR (at 80 and 110 DAS)
and SLA (at 80 and 110 DAS) indicating the possibility
of improving them through selection.  Besides additive
effects, dominance and additive x additive effects were
also significant for SCMR and SLA in some crosses.
Additive effects for SLA (Lal et al. 2005; Nigam et al.
2001) and SCMR (Mather and Jinks 1982), other
genetic effects were reported earlier (Upadhyaya et
al. 2011).  For both, SCMR and SLA, the additive x
additive (i) and dominance x dominance (l) effects are
in opposite direction indicating duplicate and
complementary epistatis according to Mather and Jinks
(1982). Transgressive segregants for SCMR and SLA
observed in F2 generation may be the outcome of
complementary gene effects. For pod and kernel yield,
both, additive, dominance and interaction gene effects
are significant (Table 1) thus, the progress through
selection for pod and kernel yield will come from fixing
of additive and additive x additive effects. The relative
contribution additive effects is higher for SCMR (59-
93%) and SLA (63-91%). Additive x additive effects
have large contribution to pod and kernel (43 and 65
%) and haulm yield (37-52%) and hence it is possible
to improve them by delaying their selection to higher
generations.
Low heritability was observed in all the four
crosses for SCMR (0.09 to 0.31) as well as SLA (0.05
to 0.26) and yield parameters (<0.12) indicating
influence of environment (Table 2). Consequently, the
gains through selection may be slow. Broad sense
heritability was reported to be high for SCMR (Nigam
et al. 2011) and medium for SLA (Upadhyaya 2005) in
previous studies. Narrow sense heritability was very
low for SPAD and SLA. SCMR at 80 DAS showed
significant positive association (0.3 to 0.74) with
SCMR at 110 DAS and similarly, the SLA at 80 DAS
had significant positive correlation with SLA at 110
DAS (0.17 to 0.56) indicating that one observation is
sufficient to optimize time and resources.  Earlier
studies also showed that one observation of SLA and
SCMR recorded after 60 DAS is as good as two or
three observations (Nigam and Rupakula 2008). This
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Table 1. Estimates of nuclear genetic effects for different traits in four groundnut crosses
Cross Trait m d h i j l
(ICGV 87141 x SCMR1 47.5±2.6** 5.1±0.5** -16.1±6.7* -6.4±2.5* -10.3±2.1** 10.5±4.5*
ICGV 93291) SCMR2 50.5±2.7** 6.2±0.6** -18.6±7.3* -9.8±2.7** -9.0±2.3** 7.7±5.0
SLA1 222.2±16.5** -17.2±3.4** -16.7±42.9 -6.3±16.1 44.3±13.4** 10.9±28.2
SLA2 118.5±11.7** -18.3±2.8** 88.1±31.7** 48.9±11.4** 9.2±10.4 -31.5±22.9
PYD 79.1±8.6** 0.8±1.2 -103.3±20.7** -54.6±8.5** 14.4±5.4** 56.7±13.7**
KYD 53.6±6.0** 0.7±0.9 -71.8±14.4** -37.1±5.9** 8.4±3.8* 40.4±9.5**
SP 69.0±2.4** 0.2±0.6 -9.7±6.4 -2.5±2.4 -3.0±2.1 8.3±4.3
HYD 79.1±10.9** 4.6±1.4** -73.6±27.1** -49.7±10.8** 9.9±7.5 27.9±17.1
(JL 24 x ICGV 86031) SCMR1 45.0±1.4** -3.1±0.4** 1.3±3.5 -0.3±1.3 8.1±1.1** 0.1±2.5
SCMR2 48.7±1.7** -3.5±0.5** -9.0±4.3* -2.0±1.6 6.6±1.5** 5.9±3.0*
SLA1 174.8±12.5** 27.6±2.7** -17.6±32.1 1.5±12.2 -52.7±10.0** 2.7±21.5
SLA2 150.9±9.2** 12.7±2.2** 5.0±24.2 -0.3±8.9 -36.5±7.9** -8.3±16.3
PYD 43.0±4.3** -2.9±1.1** -48.0±11.1** -22.8±4.1** 8.2±3.4* 35.4±8.7**
KYD 30.4±3.0** -2.0±0.7** -36.3±7.8** -16.9±2.9** 5.2±2.3* 26.8±6.3**
SP 71.5±2.1** -0.6±0.6 -13.0±5.5* -5.1±2.0* -0.3±1.9 8.6±3.9*
HYD 51.9±5.9** -1.5±1.6 -37.1±14.9* -25.4±5.7** 20.3±4.7** 21.6±10.5*
(ICGV 99029 x SCMR1 45.3±2.5** 5.0±0.4** 1.2±6.7 2.5±2.5 -11.1±2.1** 3.1±4.4
ICGV 91284) SCMR2 48.5±2.8** 5.5±0.4** -8.1±7.4 -0.5±2.8 -12.3±2.3** 10.3±4.8*
SLA1 177.3±13.5** -23.6±1.6** -49.0±35.1 -19.6±13.4 60.5±10.3** 12.5±23.0
SLA2 159.2±12.5** -18.4±2.3** -32.9±32.7 -4.1±12.3 52.1±10.0** 19.6±22.4
PYD 44.9±9.1** 0.4±1.2 -25.9±23.0 -19.7±9.0* 1.9±6.5 23.6±14.9
KYD 31.6±6.2** 0.1±0.8 -21.5±15.5 -14.8±6.1* 1.6±4.4 18.0±10.0
SP 68.3±2.5** -1.3±0.6* -4.4±6.5 -2.0±2.4 2.1±2.1 2.1±4.3
HYD 21.4±12.2 1.6±1.5 57.8±32.0 7.1±12.1 -0.7±9.4 -26.9±21.2
(ICGV 07356 x SCMR1 47.6±1.3** -2.4±0.3** 3.6±3.4 2.2±1.3 3.1±1.1** -2.0±2.4
ICGV 99029) SCMR2 56.2±1.6** -2.0±0.4** -9.8±4.2* -4.4±1.6** 3.6±1.3** 3.9±2.8
SLA1 108.9±9.0** 12.7±1.5** 115.4±23.4** 36.2±8.9** -8.4±6.9 -81.9±16**
SLA2 116.7±8.5** 11.2±2.3** 86.4±22.1** 34.4±8.2** 0.1±7.3 -60.2±15.3**
PYD 59.9±7.1** -4.2±1.2** -59.9±17.8** -34.5±7.1** 15.0±4.8** 37.9±13.2**
KYD 38.5±4.9** -2.9±0.8** -35.5±12.4** -21.1±4.9** 11.6±3.4** 22.4±9.4*
SP 63.6±2.3** -0.4±0.6 10.5±5.9 4.2±2.2 4.5±1.9* -8.2±4.2*
HYD 58.0±7.4** -0.2±1.3 -61.6±18.2** -30.2±7.3** -1.8±5.0 49.9±12.8**
SCMR1 and  SCMR2 = SPAD (Soil plant analysis development) chlorophyll meter reading at 80 and 110 DAS, respectively; SLA1 and
SLA2 = Specific leaf area at 80 and  110 DAS, respectively; PYD = Pod yield per plant (g); KYD = Kernel yield per plant (g); SP =Shelling
percentage (%); HYD = Haulm weight per plant (g); *,** significant at  0.05, and 0.01 p levels, respectively; m = mean; d = additive; h =
dominance; i = additive x additive; j = additive x dominance and l = dominance x dominance
gives flexibility to the breeders to incorporate selection
of these traits in breeding scheme.
SCMR is inversely associated with SLA. The
stable association of SCMR with WUE across varying
water regimes (Arunyanark et al. 2009) and robustness
of recoding SCMR enabled use of SCMR in breeding
for drought tolerance. However, under severe drought,
SLA was showed to be a more important contributor
to WUE (Songsri et al. 2009). Therefore, both SCMR
and SLA are considered in combination because of
their association with WUE. SCMR is positively
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August, 2015] Inheritance of SCMR and SLA in groundnut 411
associated with yield parameters (0.06 to 0.32) and
SLA is negatively associated (-0.02 to -0.29). However,
higher SCMR and lower SLA values in a genotype
may not have concomitant yield advantage although
they are water-use-efficient.
Empirical approaches that measures pod yield
under water stressed condition are used largely in
groundnut breeding for drought tolerance (Nageswara
and Nigam 2003), requiring huge resources and has
large genotype x interaction for yield. A comparison
between the selection gains through trait-based (using
physiological traits associated with drought tolerance)
and empirical approach has shown that the former is
not superior to later in drought resistance breeding;
nevertheless the integration of physiological traits or
their surrogates would be advantageous in selecting
genotypes which are more efficient water utilizers or
better partition the photosynthates into economic yield
(Nigam et al. 2005). Thus, a combination of trait-based
and empirical approaches can be rewarding in groundnut
breeding for drought tolerance. The present study
shows probable gains in WUE through selection of its
simple surrogate traits, SCRM and SLA as a
consequence of their additive gene action in the four
groundnut crosses.
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